Diabetes is a common chronic disease and a serious medical and social problem. Diabetic men and women have over a 1.5 and 2.5 times risk of cardiovascular disease (CVD) in Iran, respectively.[@ref1]

Eicosapentaenoic acid (EPA; 22:5n-3) is the principal ω-3 fatty acids in fish oils. Recent evidence demonstrated that this fatty acid have different effects on plasma glucose,[@ref2] serum lipids and lipoproteins,[@ref2][@ref3] and blood pressure.[@ref4]

EPA supplementation increased insulin sensitivity in animal models and in some human studies,[@ref5] therefore fasting blood sugar and HbA1c has been negatively correlated with intake of ω-3 fatty acids, in some studies.[@ref6] Results of some prospective studies, however, did not show a relation.[@ref7]

On the other hand, some reports from few studies, however, raised the possibility of an adverse effect of high doses of fish oils on glycemic control in type 2 diabetes.[@ref8]

However, there are significant evidences for a beneficial effect of dietary ω-3 fatty acids in the prevention of heart disease,[@ref9] in high-risk populations, especially.[@ref10]

Insulin resistance, hyperlipidemia and hypertension are major metabolic disorders in patients with type 2 diabetes and therefore these patients have an increased risk of cardiovascular diseases.[@ref11]

Consequently, some experts discourage the use of ω-3 fatty acids in type 2 diabetic patients, whereas others encourage such use, although at low doses.

The different studies in the past decade indicated that diabetes is associated with oxidative stress. It is therefore possible that dietary supplementation with antioxidants would be useful.[@ref12]

The diabetes may increase free radicals generation. However, incorporation of the highly unsaturated fatty acids in membranes may increase the membranes' susceptibility to lipid peroxidation.[@ref13] Vitamin C is reported to decrease diabetes induced lipid peroxidation.[@ref14] To this time, no study has been done to assess the effects of supplementation with EPA and/or vitamin C on cardiovascular risk factors in type 2 diabetic patients. The purpose of this study was to evaluate the effects of EPA and/or vitamin C on glycemic indices, blood pressure, and serum lipids in type 2 diabetic Iranian males.

Methods {#sec1-1}
=======

In this randomized double blind placebo controlled clinical trial, 65 men with type 2 diabetes, aged 33-63 years, were enrolled into the study between April 2 and June 27, 2008. Ethical approval was obtained from the Medical Ethics Committee of Tehran University of Medical Sciences and informed consent was obtained from all individuals. The participants were instructed not to take any ω-3 fatty acids and antioxidant supplements during, and 2 weeks preceding the study. Exclusion criteria included onset of nephropathy, myocardial infarction, coronary bypass grafting and inflammatory diseases.

Venous blood samples were obtained from all participants at 8:00-9:00 A.M., after 10 hours of fasting, at the baseline and after intervention. Subjects received 500 mg EPA and/or 200 mg vitamin C or placebo depending on their groups. For a period of 8 weeks, 15 participants received daily EPA supplements with vitamin C (group 1), 16 took EPA supplements and vitamin C placebo (group 2), 17 took EPA supplement placebo and vitamin C (group 3), and 17 received EPA supplement placebo and vitamin C placebo (group 4). EPA and EPA placebo soft gels were supplied from Minami Nutrition (Belgium). The vitamin C and their placebo soft gels were obtained from Darou Pakhsh Pharma Chem. Co. (Iran).

Plasma glucose was determined by a glucose analyzer (YSI, Yellow Springs, OH). HbA1c levels were measured by immuneturbidimetric immunoassay (Unimate; Roche Diagnostics, Indianapolis, IN) with a normal range of 4.5-6.1%. Serum TG and TC levels were determined using the enzymatic method. HDL-C levels were measured by the turbidimetric method.

LDL-cholesterol (LDL-c) was calculated using Friedwald\'s formula. Anthropometric indices included height and weight measured with a Seca standard tools. BMI was calculated from this formula: \[weight (kg)/hight^2^ (m)\]. Blood pressure (BP) was measured twice in a seated position after 15 minutes of rest using a standard mercury sphygmomanometer.

Microsoft Excel was used for data handling and SPSS (version 10; SPSS Inc., Chicago, IL, USA) was used for statistical analysis . Values are expressed as means and standard errors for each group. The significant level was set at p \< 0.05.

Results {#sec1-2}
=======

Sixty-nine diabetic men with a mean age of 48 years (range: 33-63 years) were recruited. Sixty-five participants completed the 8-week intervention. Some of the participants' characteristics are shown in [table 1](#T1){ref-type="table"}. Mean ± SD plasma levels of FBS, HbA1C, TC, LDL-C, HDL-C, TG and BP are presented in [table 2](#T2){ref-type="table"}. There were significant decreases in FBS, HbA1C, LDL-C and TG in groups 1 (p \< 0.01), 2 (p \< 0.01), 3 (p \< 0.01) and 4 (p \< 0.01), but significant decreases in TC was shown in groups 1 (p \< 0.01), 2 (p \< 0.01) and 3 (p \< 0.01), not in group 4. There was a significant increase in HDL-C in all groups (p \< 0.01). There were significant differences in FBS between groups 1 and 2 (p \< 0.05), groups 1 and 3 (p \< 0.05) and groups 2 and 4 (p \< 0.05). LDL-C was significantly different between group 1 and other groups (p \< 0.01). There were significant differences in HDL-C level between group 3 and other groups (p \< 0.05), and TG level was significantly different between groups 1 and 2 (p \< 0.01), groups 2 and 3 (p \< 0.05), groups 2 and 4 (p \< 0.01), and groups 3 and 4 (p \< 0.01), but no difference in HbA1C, TC and BP was seen between the groups after 8 weeks of intervention ([Table 3](#T3){ref-type="table"}).
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Characteristics of subjects \[mean (SD)\]
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Comparisons of parameters in the groups before and after 8 weeks of supplementation \[mean (SD)\]
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Multiple comparisons of parameters among groups after 8 weeks of supplementation \[mean (SD)\]
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Discussion {#sec1-3}
==========

This randomized double-blind placebo controlled clinical trial in diabetic patients demonstrated a decrease in all variables in four groups except for TC in group 4 and an increase in HDL-C in all groups, although BP did not change in any group, following 8 weeks of supplementation. These results suggest that EPA with or without vitamin C can improve the cardiovascular markers in plasma, but alone or along with vitamin C cannot reduce the blood pressure. These findings are consistent with the results of some previous studies.[@ref15][@ref16] Others however, reported no effect or a harmful effect[@ref17] for increased ω-3 fatty acid intake.

Potential mechanisms for the cardio-protective effects of ω-3 fatty acids include anti-thrombotic, anti-inflammatory and anti-arrhythmic effects, as well as its effects on lowering blood pressure (BP), and reducing plasma triglycerides (TG) levels.[@ref18]

In addition, higher EPA quantities in the phospholipid cell membranes could increase insulin sensitivity.[@ref19]

Some studies showed that fish oil rich in EPA and DHA lowers blood pressure. Metaanalyses of controlled trials on fish oil supplementation suggested that the BP-lowering effect in hypertension is both dose- (\> 3 g/d) and time-dependent.[@ref20][@ref21]

Many epidemiologic and interventional studies have assessed the relations and effects of the intake of ω-3 fatty acids[@ref22][@ref23] on CVD biomarkers in a variety of populations. Healthy subjects and those at high risk for CHD, including diabetic patients and patients who had suffered a myocardial infarction (MI) have been evaluated. Many different study designs for both studies have been used. Reductions in CVD have been observed with two servings of fish per week, 1.8 g/day of EPA as an ethyl ester and 1 g/day of an 85% EPA + DHA concentrate in the form of an ethyl ester.[@ref24][@ref25]

The results of the present study also showed significant differences in FBS between groups 1 and 2 (p \< 0.05), groups 1 and 3 (p \< 0.05) and groups 2 and 4 (p \< 0.05). Furthermore, there were significant differences in LDL-C between group 1 and other groups (p \< 0.01). A significant difference in HDL-C was seen between group 3 and other groups (p \< 0.05) and in TG between groups 1 and 2 (p \< 0.01), groups 2 and 3 (p \< 0.05), groups 2 and 4 (p \< 0.01), and groups 3 and 4 (p \< 0.01), too.

Individual fatty acids have large effects on physiologic functions that are determined by a collection of chain length, number and position of double bonds, and isomerism around these bonds. One of the possible mechanisms is that ω-3 fatty acids vary from ω-6 fatty acids in their effects on plasma lipids, BP, and other biomarkers of CVD risk such as lipoprotein (a), inflammatory markers, fasting plasma glucose and insulin, and clotting factors.[@ref26]

In many studies, mechanisms potentially responsible for these effects have been examined. EPA constitutes part of the cell membrane, replacing other mostly unsaturated fatty acids there, and so modifying cellular function. Hence, a number of variations of cell function can be observed upon inclusion of EPA into the cell membrane. Among them are the shift of the eicosanoid system towards vasodilatation and less inflammation, a lowering of blood TG and anti-arrhythmic effects.[@ref27]

Clinical trial data provide evidence on the favorable effects of ω-3 fatty acids in reducing the risk of CHD. The GISSI-Prevention Trial is one of the largest clinical trials to test the efficacy of ω-3 fatty acid supplementation for secondary prevention of CHD.[@ref28] The trial included 11,324 subjects with a recent MI who were assigned to either ω-3 fatty acid supplements (850 mg/d), tocopherol (300 mg/d), both or none for 3.5 years along with a Mediterranean diet. The Mediterranean diet emphasizes less meat consumption with more bread, vegetables, fruit, and fish intake. ω-3 fatty acid supplementation decreased all-cause death by 20% and stroke by 15%. On the other hand, evidence from three epidemiologic studies, the NHANES I Follow-up Study[@ref29] and the JPHC Study Cohort I[@ref30] did not show any significant decrease in CHD incidence with increasing intakes of fish.

Conclusion {#sec1-4}
==========

In conclusion, this study showed that 8 weeks of taking EPA + vitamin C supplementation improved the plasma levels of cardiovascular markers but didn't reduce BP. Further studies are needed to confirm these results.
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